N-Butyl-N(4-hydroxybutyl)nitrosamine (BBN) is a potent carcinogen in the urinary bladder of animals. The BBN model of bladder cancer is an excellent model of human urinary bladder cancer and has already led to a greater knowledge of its pathogenesis. In our studies, histogenesis and morphological characteristics of BBN urinary bladder cancer were analyzed in different animal species such as rats, mice, hamsters and guinea pigs and also in different rat strains. Papillary or nodular hyperplasia (PN hyperplasia) is found to be a preneoplastic lesion of the rat urinary bladder. Therefore, the promoting and inhibitory effects of various chemicals in two-stage urinary bladder carcinogenesis were judged by measuring PN hyperplasia in rats. Dose-dependent and organ-specific effects of the urinary bladder promoter, saccharin, in the induction of PN hyperplasia were shown in rats after initiation by BBN. The promoting effect of saccharin was seen more clearly in the urinary bladder of rats after potent initiation. A strain difference in susceptibility of the urinary bladder to the promoter was also shown. These results suggest that the above various factors may also have modifying activities on urinary bladder carcinogenesis in man.
Introduction
Animal models are very useful for studying the pathogenesis of human diseases. We have used rats given a carcinogen, N-butyl-N-4-hydroxybutyl)nitrosamine (BBN) in their drinking water as a model of urinary bladder cancer for more than ten years. This has proved to be a very good model of human bladder cancer and has provided much information on its pathogenesis. This paper describes the histogenesis and morphological characteristics of BBN urinary bladder cancer in rats and factors modifying BBN bladder carcinogenesis.
Urinary Bladder Carcinogenesis by BBN
BBN is a potent carcinogen in the urinary bladder of animals, and there are many reports on its carcinogenicity in rat urinary bladder (1) . Histological lesions in the urinary bladder of rats induced by BBN were classified into four types: simple hyper-*Department of Pathology, Nagoya City University Medical School, 1 Kawasumi, Mizuho-cho, Mizuho-ku, Nagoya 467, Japan.
plasia, papillary or nodular hyperplasia (PN hyperplasia), papilloma and cancer. PN hyperplasia of the urinary bladder in rats treated with 0.05% BBN developed before the induction of papilloma or cancer. The urinary bladders of rats treated with various doses of BBN for different periods were examined histologically to determine the incidence of PN hyperplasia and cancer. A high dose of BBN induced high incidences of PN hyperplasia and cancer in a short period. Dose-response relationships were oW served for the induction of PN hyperplasia and cancer, the dose of BBN, and the period of BBN treatment. Moreover, a good correlation was found between the inductions of PN hyperplasia and cancer with different doses of BBN. Thus, it is clear that PN hyperplasia is a preneoplastic lesion of rat urinary bladder.
The histological types and grades of 611 urinary bladder cancers induced in rats by BBN were analyzed (2 The results indicating that sodium ascorbate is a promoter in urinary bladder carcinogenesis are consistent with other experiments.
In general, chemical carcinogens show doseresponse relations for both tumor induction and the length of the induction period. Studies were made on the dose-response to saccharin as a promoter in induction of preneoplastic lesions of the urinary bladder (7). F344 rats of both sexes were initiated by adding 0.01% BBN to their drinking water for 4 weeks and were then given diets containing saccharin at various concentrations for 32 weeks and killed at the end of week 36. The incidences and average numbers of PN hyperplasia per 10 cm of basement membrane in males with a dose of 5.0% saccharin and in females with doses of 5.0% and 1.0% were significantly higher than those with BBN alone. Plots of the incidence of PN hyperplasia against the dose of saccharin gave parabolic curves in both sexes (Fig. 1) ; these dose-response curves showed enhanced hyperplastic responses in both sexes given 0.2 to 5.0% saccharin. The results suggest that if the experimental period had been longer, a dose-response relationship for the induction of papilloma and cancer might have been observed.
The organ specific effects of two different tumor promoters were investigated in a two-stage carcinogenesis experiment (8) . In the initiation stage, the rats were given 0.02% 2-AAF in the diet for 4 weeks or 0.01% BBN in the drinking water for 4 weeks. Then, in the promotion stage, they were given 0.05% phenobarbital in the diet or 5.0% saccharin in the diet for 32 weeks. Phenobarbital greatly enhanced hepatocarcinogenesis and induced hepatocellular carcinoma after 2-AAF treatment, and it significantly increased formation of hyperplastic liver nodules after BBN treatment. Saccharin significantly enhanced the induction of PN hyperplasias of the urinary bladder after BBN or 2-AAF treatment (Table 3) . However, after 2-AAF or BBN treatment, there was no effect of phenobarbital on the urinary bladder or of saccharin on liver neoplasia induction. These data indicate that although 2-AAF and BBN have tumor-initiating effects in both liver and urinary bladder, the tumor-promoting effects of phenobarbital and saccharin are organ specific.
Strain difference is one of the factors that modify chemical carcinogenesis. Strain differences appear to modify promotion as well as initiation in twostage carcinogenesis. Therefore, we tested whether there was any strain difference in the effect of saccharin as a promoter. Male ACI, Wistar, F344 and Sprague-Dawley (SD) rats were given a diet with 5.0% saccharin for 52 weeks (9) . Histological examination showed that saccharin induced urinary bladder lesions in ACI rats, but no changes in Wistar, F344 or SD rats. PN hyperplasia and papilloma were increased significantly in the urinary bladder of ACI rats given saccharin. Scanning electron microscopy showed mucosal foci with slightly elevated cells, giving a cobblestone appearance, on the luminal surface of the urinary bladder. The superficial epithelial cells were covered with short, uniform microvilli and with ropy or leafy microridges. In addition, several superficial epithelial cells with pleomorphic microvilli on their luminal surface were found in these foci, as described previously. Among the groups given saccharin, the ACI rats had the greatest changes as shown by scanning electron microscopy. Slight formation of pleomorphic microvilli and short, uniform microvilli were seen in Wistar and F344 rats treated with saccharin, but not in SD rats. Thus, there was a clear strain difference in rats in susceptibility of the urinary bladder to saccharin. It is suggested that the promoting effect of saccharin in the urinary bladder was greatest in ACI rats. (10) . When given after BBN, 50 ppm of the aromatic retinoid greatly reduced the incidence and number of papillomas, and slightly inhibited the development of cancer. Administration of 100 ppm of the aromatic retinoid after BBN treatment also greatly reduced the incidences and numbers of papillomas and cancers. These results show that the aromatic retinoid inhibits bladder carcinogenesis of rats induced by BBN. The relationship of immune status in patients with cancer of the urinary bladder at various stages of the disease has not been clearly defined, but it appears that there is a gradual decrease in the immune responsiveness of the patient as the disease progresses. OK-432 is a streptococcal preparation that enhances cellular immune and reticuloendothelial responsiveness to tumors. The effect of immunostimulation by OK-432 on bladder carcinogenesis in rats was evaluated by using the carcinogens (11). Short-term subcutaneous administration of OK-432 after BBN did not affect bladder carcinogenesis, but if OK432 treatment was begun after BBN treatment and continued until the end of the experiment, the incidence of BBN-induced bladder tumor was significantly reduced. These results suggest that OK432 may have a tumor inhibitory effect during bladder carcinogenesis but that its effect is reversible.
4,4'-Diaminodiphenylmethane (DDPM) is a potent, selective, aromatic hepatotoxic agent. It induces marked bile duct proliferation in the liver of rats like a-naphthylisothiocyanate (ANI). ANI reduced the incidence of bladder tumors when fed to rats either before or during the administration of bladder carcinogens (12) . Thus, the hepatotoxic agent that produced bile duct proliferation had significant inhibitory effects on bladder tumorigenesis induced by chemical carcinogens. We examined the effects of administration of hepatotoxic agents after carcinogen treatment on the development of bladder tumors in rats (13) . Rats were given drinking water containing 0.01% BBN for 4 weeks and then 0.1% DDPM in their diet for 34 weeks. DDPM reduced the induction of papillomas of the bladder as measured by the incidence and number/10 cm basement membrane, although it did not inhibit the induction of PN hyperplasia of the bladder. These results indicate that DDPM administration in the "post-initiation" stage inhibited bladder carcinogenesis in rats.
Conclusions
BBN-induced rat bladder cancers resemble human bladder cancers in morphological characteristics and there appear to be several close parallels between the human disease and rat models. 2-AAF is also a suitable bladder carcinogen to use experimentally, although it is less carcinogenic than BBN in the rat bladder. These carcinogens should be useful in experimental assessment of the etiology, prevention, and therapy of human bladder cancer.
